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(57) ABSTRACT

A device and a method for adjusting post-spacer height in
production of liquid crystal displays (LCDs), and the device
comprises a controller (11) and an extrusion panel (12), the
controller (1) is configured to control the extrusion panel (12)
to perform plastic deformation treatment; and the extrusion
panel (12) is configured to perform plastic deformation treat-
ment on post spacers on a substrate, of which a height is more
than a predetermined height value, under the control of the
controller (11) after a rubbing process and before a cell
assembly process, so that the standard deviation of the post-
spacer height on the substrate can fall in a range of the pre-
determined standard deviation required to be achieved by
products. The device and the method can effectively improve
the uniformity of the post-spacer height on the substrates.

9 Claims, 1 Drawing Sheet
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1
DEVICE AND METHOD FOR ADJUSTING
POST-SPACER HEIGHT IN PRODUCTION OF
LIQUID CRYSTAL DISPLAYS

TECHNICAL FIELD

Embodiments of the present invention relate to a device
and a method for adjusting the height of post spacer (PS) in
the production of liquid crystal displays (LCDs).

BACKGROUND

LCDs are commonly used flat panel displays currently, and
thin-film transistor liquid crystal displays (TFT-LCDs) are
the mainstream product among [.CDs.

An LCD panel is an important component of an LCD. The
production process of an LCD panel is as follows: firstly, an
array substrate and a color filter (CF) substrate are produced;
and secondly, the CF substrate and the array substrate are
assembled by a cell assembly process to form the LCD panel.
The cell assembly process may specifically include: dripping
liquid crystals on the array substrate or the CF substrate by
one drop filling (ODF) process; coating sealant on the other
substrate; and subsequently, forming the LCD panel by cell
assembling the array substrate and the CF substrate. The
uniformity of the cell gap of the formed L.CD panel is deter-
mined by the uniformity of the post spacers between the CF
substrate and the array substrate, and that all the post spacers
on the CF substrate and/or the array substrate have relatively
uniform height also ensures the product quality under a fixed
amount of the liquid crystals. The requirement on the accu-
racy of the cell gap of the LCD panel is particularly high in the
fields of military application, scientific research application
and the like having higher requirement on the accuracy. But
generally, the height fluctuation of the post spacers between
the CF substrate and the array substrate, produced by the
patterning process, is unavoidable. Therefore, the adjustment
of'the post spacers so that the post spacers have uniformity is
particularly important.

For the convenience of description, the CF substrate and
the array substrate herein are referred to as “substrate” in the
following description.

The standard of measuring the uniformity of the post-
spacer height (height distribution) is generally that the stan-
dard deviation of the post-spacer height is required to be as
small as possible. In actual production, if the height unifor-
mity of the produced post spacers is poor, the production of
the panel may be adversely affected. The nonuniformity of
the post-spacer height on the substrate may be specifically
embodied in the fluctuation of the mean value of the post-
spacer height among glass substrates and the fluctuation of
the heights of various post spacers on panels from one glass
substrate.

In the actual production process, the post-spacer height on
the substrate obtained after rubbing process has a great
impact on the characteristics of the panel, which shows par-
ticularly as follows: as the CF substrate and the array sub-
strate obtained after rubbing process are required to be
directly subjected to a cell assembly process, poor uniformity
of'the post-spacer height on the substrates may directly result
in the case that the amount of the liquid crystals in the final
panel product is not comparable with the post-spacer height,
and hence the produced panel may have poor quality. Spe-
cifically, as only several post spacers are selected for mea-
surement during the measurement, and it is impossible to
reflect the heights of the post spacers on the whole substrate,
namely the actual heights of the post spacers on the substrate
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cannot be reflected. If the measured post-spacer height on the
substrate is less than the actual post-spacer height, when a
corresponding amount of the liquid crystals are filled accord-
ing to the measured post-spacer height on the substrate, the
phenomena such as low-temperature bubbles will occur; and
if the measured post-spacer height on the substrate is more
than the actual post-spacer height, when a corresponding
amount of the liquid crystals are filled according to the mea-
sured post-spacer height on the substrate, the phenomena
such as gravity mura will occur. At present, the main solution
to this is as follows: the heights of the post spacers on the
substrate are extensively measured, and the amount of the
filled liquid crystals is accordingly changed. But the solution
has certain defect: the amount of the filled liquid crystals is
required to be changed along with the fluctuation of the post-
spacer height, but the change of the amount of the liquid
crystals may result in the change of the cell gap of the panel,
and hence the optical property of a final product will be
affected.

SUMMARY

For that reason, the main objective of the present invention
is to provide a device and method for adjusting post-spacer
height in production of LCDs. The device and the method can
effectively improve the uniformity of the post-spacer height
on a substrate.

In order to achieve the objective, the technical proposal of
the present invention is as follows.

In one aspect, the present invention provides a device for
adjusting post-spacer height in production of LCDs. The
device comprises a controller and an extrusion panel, wherein

the controller is configured to control the extrusion panel so
as to perform plastic deformation treatment on the post spac-
ers; and

the extrusion panel is configured to perform plastic defor-
mation treatment on the post spacers on a substrate, of which
heights are more than a predetermined height value, under the
control of the controller after a rubbing process and before a
cell assembly process, so that a standard deviation of the
post-spacer height on a substrate can fall in a range of a
predetermined standard deviation required to be achieved by
products.

In one embodiment of the present invention, the extrusion
panel further comprises a support table and a plurality of
extruding rods which are separately actuated on the support
table.

In another embodiment of the present invention, the con-
troller may be also configured to acquire height values and the
coordinate values of the post spacers on the substrates, of
which the heights are more than the predetermined height
value; and

the controller controls corresponding pressure applied by
the extruding rods to post spacers at corresponding positions
according to the height value and the coordinate values of
each post spacer on the substrate, of which the height is more
than the predetermined height value.

For instance, the extruding rods are small rigid rods.

For instance, the extruding rods are uniformly distributed
on the support table.

In still another embodiment of the present invention, the
device further comprises a support base for placing the sub-
strate.

In the embodiments of the present invention, the controller
may be a programmable logic controller (PLC).
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In another aspect, the present invention also provides a
method for adjusting post-spacer height in production of
LCDs. The method comprises the following steps of:

a) setting a height value for post spacers; and

b) employing a controller to control an extrusion panel to
perform plastic deformation treatment on post spacers on a
substrate, of which heights are more than the predetermined
height value, after a rubbing process and before a cell assem-
bly process, so that a standard deviation of the post-spacer
height on the substrate can fall in a range of a predetermined
standard deviation required to be achieved by products.

In one embodiment of the present invention, the step b)
may further comprise the following steps of:

employing the controller to acquire the height values and
the coordinate values of the post spacers on the substrate, of
which the heights are more than the predetermined height
value; and

employing the controller to control the extrusion panel to
perform plastic deformation treatment on the post spacers on
the substrate, of which the heights are more than the prede-
termined height value, according to the height values and the
coordinate values of the post spacers, acquired by the con-
troller.

In another embodiment of the present invention, the pro-
cess of the plastic deformation treatment is conducted as
follows by:

employing the controller to control extruding rods at cor-
responding positions of the extrusion panel to apply corre-
sponding pressures on corresponding post spacers according
to the positions of post spacers, of which the heights are more
than the predetermined height value.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 1 is a schematic diagram of a device for adjusting
post-spacer height in production of LCDs according to an
embodiment of the present invention; and

FIG. 2 is a top view of an extrusion panel as illustrated in
FIG. 1.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
solutions of the embodiments will be described in a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the invention. Apparently,
the described embodiments are just a part but not all of the
embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

FIG. 1 is a schematic diagram of a device for adjusting
post-spacer height in production of LCDs according to an
embodiment of the present invention. The device comprises a
controller 11 and an extrusion panel 12; the controller 11 is
configured to control the extrusion panel 12 to perform plastic
deformation treatment on the post spacers.

The extrusion panel 12 is configured to perform plastic
deformation treatment on the post spacers on substrates, of
which the heights are more than a predetermined height
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value, under the control of the controller 11, after a rubbing
process and before a cell assembly process, so that the stan-
dard deviation of the post-spacer height on the substrates can
fall in the range of the predetermined standard deviation
required to be achieved by products.

The controller 11 may be also configured to acquire the
height values and the coordinate value of the post spacers on
a substrate, of which the heights are more than the predeter-
mined height value. In the embodiment, in the actual produc-
tion process, the controller 11 can directly acquire the height
values and the coordinate values of various post spacers on
the substrate, of which the heights are more than the prede-
termined height value, through the conventional device(s) for
measuring the post-spacer height.

In the embodiment, the controller 11, for instance, may be
aPLC. Of course, the controller 11 may also be an appropriate
controller of other type.

Inthe embodiment, the extrusion panel 12 has an extruding
structure which is adapted to extrude the post spacers and of
which each part can be separately actuated. As illustrated in
FIG. 2, the extrusion panel 12 may comprise a support table
121 and a plurality of extruding rods 122 which can be each
separately actuated on the support table 121. In the embodi-
ment, the support table 121 may be made of any available
material adapted to form the support table. For instance, the
extruding rods 122 are small rigid rods and made of a material
with strong rigidity, e.g., stainless steel. In the embodiment,
the extruding rods 122 can move on the support table 121
along the direction perpendicular to the table 121, and each
extruding rod 122 can be separately actuated to apply difter-
ent pressures to each ofthe post spacers according to different
heights of the post spacers. For instance, the extruding rods
122 may be uniformly distributed on the support table 121. As
seen from FIG. 2, the extruding rods 122 are regularly
arranged on the support table 121. In this way, different pro-
duction requirements can be met. That is to say, when the
heights of the post spacers at different positions of different
substrates are required to be adjusted, the device provided by
the embodiment of the present invention can control the stan-
dard deviation of the heights of the post spacers on the sub-
strates to fall in the range of the predetermined standard
deviation required to be achieved by products, by applying
pressure to the post spacers at specific positions through the
extruding rods 122 at corresponding positions according to
the specific positions of the post spacers.

Correspondingly, the controller 11 controls the corre-
sponding extruding rods 122 of the extrusion panel 12 to
apply corresponding pressures to the post spacers at corre-
sponding positions according to the height values and the
coordinate values of various post spacers on the substrates, of
which the heights is more than the predetermined height
value.

In the embodiment, the device may further comprise a
support base for placing the substrates. During the placement,
the glass substrates of the array substrate and the CF substrate
make contact with the support base. In order to guarantee the
uniformity of the post-spacer height on the substrates, the
support base is required to have a good evenness. In addition,
the support base may be made of any material having a certain
supporting capacity.

For instance, taking a 3.0-inch product produced by a five-
generation production line as example, the 3.0-inch product is
a small-size product; and supposing that the number of small
panels on each glass substrate is 6x57=342, due to the large
number of the small panels, the uniformity of the post-spacer
height on the substrates of each panel is very difficult to
control. The fluctuation range of the amount of filled liquid
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crystals is 2 to 10 percent with respect to the central value in
the light of the production experience. That is to say, if the
amount of the filled liquid crystals is less than the central
value by 2 percent, the problem of low-temperature bubbles
will occur; and if the amount of the filled liquid crystals is
more than the central value by 10 percent, the problem of
gravity mura will occur, and hence the problem of poor prod-
uct quality will occur. Based on the corresponding relation-
ship between the amount of the liquid crystals and the post-
spacer height, the result may be as follows: the above
problems will occur as long as the fluctuation range of the
post-spacer height on the substrates is beyond 0.1 microme-
ter. Therefore, the requirements cannot be met by adoption of
the current production process of the post spacers and the
LCD panels, that is to say, the fluctuation range of the post-
spacer height on the substrates of each produced panel has
been beyond 0.1 micrometer by adoption of the conventional
production processes of the post spacers and the LCD panels.

The nonuniformity of the post-spacer height on the sub-
strates may be embodied in the fluctuation of the mean value
of the post-spacer height among glass substrates and the
fluctuation of the heights of various post spacers on panels
from one glass substrate. According to the actual production
condition, the fluctuation range of the post-spacer height
among the glass substrates is approximately between 0.1 and
0.3 micrometer; the fluctuation range of the post-spacer
height among various panels in the same glass substrate is
approximately between 0.1 and 0.2 micrometer; and the
range of the post-spacer height of a small-size product, for
instance, a 3.0-inch product, will be more sensitive, that is, the
fluctuation range of the post-spacer height of the small-size
product should be narrower. Therefore, by adoption of the
device provided by the embodiment of the present invention,
the uniformity of the post-spacer height on the substrates of
the small-size product can be greatly improved.

In practice, at first, the height and the corresponding coor-
dinate values of each post spacer on the whole glass substrate
obtained after rubbing process are measured, and the distri-
bution chart of the post-spacer height on the whole glass
substrate can be obtained according to the measured height
value and the measured corresponding coordinate values of
each post spacer; the controller 11 is configured to control
extruding rods 122 corresponding to positions of the post
spacers of which the heights are more than the predetermined
height value to apply corresponding pressures to the post
spacers at the positions according to the obtained distribution
chart of the post-spacer height and a plastic deformation
curve of the post spacers; and when the pressure is applied,
higher pressure is applied to the post spacers of which the
heights are significantly more than the predetermined height,
so that the post spacers are subjected to plastic deformation,
and finally the standard deviation of the post-spacer height on
the whole glass substrate is enabled to fall in the range of the
predetermined standard deviation required to be achieved by
the products. Moreover, as the completely same production
process is applied to products with the same size, the control-
ler 11 may control the extruding rods 122 to apply the same
pressure to the post spacers at corresponding positions of
other glass substrates according to the obtained distribution
chart of the post-spacer height and the obtained plastic defor-
mation curve of the post spacers, after the distribution chart of
the post-spacer height on the whole glass substrate is
obtained, so that the production efficiency can be improved.

In another embodiment of the present invention, a method
for adjusting post-spacer height in production of LCDs is also
provided based on the device. The method comprises the
following steps.
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Step a): setting a height value for post spacers.

In this step, the height value of the post spacers can be set
according to the performances, required to be achieved, of
produced panel products, and the standard deviation of the
post-spacer height, required to be achieved, with experience.

Step b): employing a controller to control an extrusion
panel to perform plastic deformation treatment on post spac-
ers on a substrate, of which the heights are more than the
predetermined height value, after a rubbing process and
before a cell assembly process, so that the standard deviation
of'the post-spacer height on the substrates can fall in the range
of the predetermined standard deviation required to be
achieved by products.

The step b) may further comprise the following steps of:

employing a controller to acquire the height values and the
coordinate values of post spacers on the substrate, of which
the heights are more than a predetermined height value:

employing the controller to control an extrusion panel to
perform plastic deformation treatment on the post spacers on
the substrate, of which the heights are more than the prede-
termined height value, after acquiring the height values and
the coordinate values of the post spacers, in which the treat-
ment process includes:

employing the controller to control corresponding extrud-
ing rods of the extrusion panel to apply corresponding pres-
sures to the post spacers, at corresponding positions accord-
ing to the height value and the coordinate values of each post
spacer on the substrate, of which the height is more than the
predetermined height value.

Moreover, before the step b), the method may further com-
prise the following step of: placing a substrate on a support
base.

After the substrate is placed on the support base, the glass
substrate of the substrate makes contact with the support base.

According to the device and the method for adjusting post-
spacer height in production of the LCDs, provided by the
embodiments of the present invention, the controller is con-
figured to control the extrusion panel to perform plastic defor-
mation treatment on post spacers on a substrate, of which the
heights are more than a predetermined height value, after a
rubbing process and before a cell assembly process, so that
the standard deviation of the post-spacer height on the sub-
strate can fall in the range of the predetermined standard
deviation required to be achieved by the products. Therefore,
the uniformity of the post-spacer height on the substrate can
be effectively improved in the production of the LCDs.

The above description is only illustrative but not limitative
to the present invention. It should be understood by those
skilled in the art that various modifications, changes or
equivalents can be made without departing from the spirit and
scope defined by the appended claims and should all fall
within the protection scope of the present invention.

The invention claimed is:

1. A device for adjusting post-spacer height in production
ofliquid crystal displays (LCD), comprising a controller and
an extrusion panel, wherein

the controller is configured to control the extrusion panel to

perform plastic deformation treatment on post spacers
and acquire height values and coordinate values of the
post spacers on the substrate, of which the heights are
more than the predetermined height value;

the extrusion panel is configured to perform plastic defor-

mation treatment on the post spacers on a substrate, of
which heights are more than a predetermined height
value, according to the height values and the coordinate
values of the post spacers acquired by the controller,
under the control of the controller after a rubbing pro-
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cess and before a cell assembly process, so that the
standard deviation of the post-spacer height on a sub-
strate can fall in a range of a predetermined standard
deviation required to be achieved by products; and

the extrusion panel further comprises a support table and a

plurality of extruding rods which are separately actuated
on the support table.

2. The device according to claim 1, wherein the controller
is also configured to acquire height values and coordinate
values of the post spacers on the substrate, of which the
heights are more than the predetermined height value; and

the controller controls the extruding rods to apply corre-

sponding pressures to the post spacers at corresponding
positions according to acquired height values and
acquired coordinate values of the post spacers on the
substrate, of which the heights are more than the prede-
termined height value.

3. The device according to claim 1, wherein the extruding
rods are small rigid rods.

4. The device according to claim 1, wherein the extruding
rods are uniformly distributed on the support table.

5. The device according to claim 1, wherein the device
further comprises a support base for placing the substrate.

6. The device according to claim 1, wherein the controller
is a programmable logic controller (PLC).

7. A method for adjusting post-spacer height in production
of LCDs, comprising the following steps of:

a) setting a height value for post spacers; and

b) employing a controller to control an extrusion panel to

perform plastic deformation treatment on post spacers

10

15

20

8

on a substrate, of which heights are more than the pre-
determined height value, after a rubbing process and
before a cell assembly process, so that a standard devia-
tion of the post-spacer height on the substrate can fall in
a range of a predetermined standard deviation required
to be achieved by products;

wherein the step b) further comprises the following steps
of:

employing a controller to acquire height values and coor-
dinate values of the post spacers on the substrate, of
which the heights are more than the predetermined
height value; and

employing the controller to control an extrusion panel to
perform plastic deformation treatment on the post spac-
ers on the substrate, of which the heights are more than
the predetermined height value, according to the height
values and the coordinate values of the post spacers
acquired by the controller,

wherein the process of the plastic deformation treatment is
conducted as follows by:

employing the controller to control extruding rods at cor-
responding positions of the extrusion panel to apply
corresponding pressures on corresponding post spacers
according to the positions of post spacers, of which the
heights are more than the predetermined height value.

8. The device according to claim 2, wherein the extruding

rods are small rigid rods.

9. The device according to claim 2, wherein the extruding

rods are uniformly distributed on the support table.
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